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EFFECTSOFCOMPRESSIBILITYONlWRMA&FQRCE,PRESSURE,AND

LOADCHARACTERISTICS(l?A TAPEREDW311GOFNACA66-sERms ‘

AIRFOILSECTIONSWITHSPLITFLARs

ByF.E.West,Jr.,andJ.M.HMlissy,Jr.

SUMMARY

A hig&speedwind-tunnelinvestigationofa taperedW@ of
6&seriesairfoilsectionsequippedwithsplitflapshasbeen

conductedatMachnumlersup to 0j585todeterm& theeffectsof
compressibilityonthenorml-force,pressure,andloadcharacteristics.
Both5>percen&panand$&percent-spanflapsdeflected600andhaving
chordsof20percentofthewingchordweretested.Therangeofangle
ofattackinvestigatedwasfromapp?xxrhately~“ up throughthestall.

Themeximumncmmal-fcmcecurvesforthewingwithflapsweresomE+
whatsimilarin shapetothemaximumliftcurveforthewingwithout
flaps,although&ch numbereffectsbecameapparentatlowerspeeds
andwerelargerforthewingwithflaps.Themeximwnnormal-force
coefficientforthewingwithpartial-pansplitflapsreacheda mhinnua
valueof1.53ata Machnuniberof 0.&5 anda ~ valueof1.79at
a Mch numberof 0.585.Themaximnmnormal-forcecoefficientforthe
wingwithfull-spansplitflapsreacheda mininmmv-dueof1.87at a
Machnuniberof0.300anda maximumvalueof2.22at a Wch number
of0.550. Thereisfurtherevidencethattherapidriseinmaximmnlift
coefficientathigher&ch numbersisduetothesharpleadingedgeofthe
wingas canber,caniberlocation,emdtrailinnageangleappeartohave
littleorno effectontherise.

Machnumberhasa veryslighteffectontheshiftof”lateralcenter
ofnormalforceforanglesofattackbelow

matmCTroN

Untilrecentlyo- scatteredresults
tunneltests(references1 and2)and.from
and4) ontheeffectsofbothReynoldsand

thestall.

havebeenoltainedfromwind-
fl.ighttests(references3
Machnmibersonthemaximum–

liftcharacteristicsofairfoiL-.Thesetestsindicatedtheimportance
ofa moreextensiveknowledgeoftheseeffectsonthemaximumlifi
coefficientbothintheetititim ofthemmeuveringperformanceand
loadsofhighpem ticr~ a b thetiterpretatim ofwind-tunnel
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mximum-liftdataasappliedto thepredictimofairplanecharacteristics
atlowspeeds.Hence,an investigationofa mries oftypical.fighte~
~ W@S h beenundefiakenintheLangley16-foothigl+speedtunnel
@ h theIemgley19-footpressureturmel.Theprimarypurposeofthe
investigationintheLangley16-foothigh-speedtunnelhasbeento study
theeffectofMachnmiberonmaxlmmm-. characteristicsup to a Mach
mxiberofap~azimately0.60,andintheIangleyl$+footpressmetunnel,
theprtmaryproposehas%eento studytheinterrelatedeffectsofMach
nmiberandReynoldsnumlmronmmdmnmliftcharacteristicsup to a l&ch
tier ofapprcdmately0.35.

Theftistwingh theseriesto%e investigatedhada I-2-footspan,
NACA230+eriesa3rfoilsectionswiththicknessratiosdecreadnglinearly
from16percentattherootto9 percentatthetip,a taperratioof2:1,
andanaspectratioof6. Theresultsofthetivestigationinthe
Iangleyl~footu-peed tunnelarepresentedinreferences5 and6,
anltheresultsoftheinvestigation~ theIangleyl>footpressuretunnel
are~esentedtireference7.

Thesecondwingh theseries.tobe investigatedhada planfm
similartothefirstw5ngandwasccmposedofl~percen~thickNACA6*
series-oil sections.Theresultsoftheplain+ investigationin
theLangley16-foothig&speedtunnelsrePesentedinreferences8 and9. “
Theseresultsticate an increasingmaximumliftcoefficientf?rma Mach
numberof 0.15to a peakvalueat a Machmiber of 0.25,thena rapid
decreasefroma Machmmiberof0.25to 0.35anda lowerrateofdecrease
froma Machmwiberof 0.35to 0.50,andthena rapidrisefroma Wch
nunherof0.50to 0.60.

h orderto determhe thevariationofmaxi—mmlif%coefficientwith
~ch numberforthewingwithsplitflaps,testswereconductedofthis
wingequippedwith%othpertial–andfull-spanflapsatflapanglesof 600.
Dds paperpresentstheresultsofthesetestswhichweremadeinthe
Langley16-foothigh+peedtunnel.Huwever,as onlypressuredatawere
obtatied,normal-fcmcecoefficientsareNesentedmead ofliftcoef–
ficients.Thevariaticmofnormal-forcecoefficientwitheither&ch number
or angleof attackis assumedto he indicativeofthevariationoflift
coefficienttitheitherMachntier or engl.eofattack.

h additionto thenormal-facecharacteristics,representatives-
loaddistributions,lateralcentersofnormalface, pitcqoment
coefficients,flapn--force andhing~ nt coefficients,andchord-
wisepressuredistributionserealsopresented.

SYMBOLS

lheestreamconditions:

Vo correctedatispeed,feetper8econd

a. speedof soundinair,feetpersecond

——. . - .,——.— .... .,. ... .
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3?0

P.

R.

c

c’

x

Y

a

Forcedata:

L

%

l&chnumber (Vo/ao)

Machzuuiberatwhichspeedofsouxulisattahedlocally
at somepointon*

massdensityofair,slugspercu%icfoot

-c wessure,pm.mlspersquarefoot ()
&01702

static~essure=poundsyersquerefoot

coefficientoftiscosityofti, slugs~r foot-second

Reynoldsnmiber- CPo~VO/b~

m mea, squire feet -

wingspan, feet

asyectratio (b2/S)

meangeometricchard,feet (S/b)

airfoilchordatanyspenwisestation,feet

meanaerodynamicchord,feet
(:L’’2C2Q)

chordwisedistancemeasuredfromairfoilleadingedge,feet

spanwisedistancemeasuredfrom@ene of symmetryofwing,
feet

correctedangleofattackofwingat@ane of symmetry,
degrees

winglifb,P-

wingliftcoefficient(L/qoSj

●
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Pressuredata:

P localstaticpressure,poundspersquarefoot

P
()

P ‘-Po
pressurecoefficient—

%

.Pm ~essurecoefficientcon.espondingtolocallhchnumber
of1

xl

%

W@ sectionnomal-fcmcecoefficient(J1 (% - %) d(:))

sectionloadparameter

wingnormal-forcecoefficient
(&(*))

flapsectionncmnal-farcecoefficient
(tk%-~f)’~)) ‘

flapnormel-forcecoefficient
(~~f%d(%))

positionoflateralcenterofnmmal force,fractionof

distanceframlead@gedgeofeachspanwisestationto
lineperpendicularto pleneoft3ymmetryendpassing
through2>percentpositionofmeanaerodynamicchord,
feet

sectionpitcxoment coefficientdueto forceacting
perpendicularto chordlinealouta lineperpendicular
toplaneof symmetryandpaesingthrough2>percent
positionofmeanaerodynamicchord

.

,

——.. . .
,., L ----
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sectionpitcmoment parameter
perpetimlarto chordline

Pit~nt c~fficientabout

dueto forceacting

2>yercentposition%’pi ofmeanaerodynamicchord
1([5J”0%#

e

z

includedanglebetweenyimgandflapchords

flapcenterofpressureperpendicular
chord

distance@asurmlfrom
tomeanaerodynamic

flapsectionhlngeamentcoefficient

(J1&-%Jf)@ 6))

Chf

flapsectionhinge=momentparameter

f laphing~qt coefficient(f:*O%f(%Jd(*))

Subscripts:

f flap

L lowersurface

uppersurface

incompressible

canpressible

maxi7mutl

u

i

c

max

ANDINSTAHA!TIONMmEL
.

Thewing,equippedwithbothpartial–andfull-spansplitflaps,
mountedintheLangleyl~foothigh-speedtunnelforthepremnrretests,

is shownin
theairfoil

3–inch‘fz

—....—

figures1 and2. Thesolid-steelwingwasmadeto conformto
ordinatesgivenintableI. The

steelplateand’wereattachedto

splitflapswerecomtructed

thewingby~–inchsteel

..-. —. .———7 . —-—.. .--.—.— -——— .._. _.. ._-— ~—.—— ..--. .—------ -
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-blocks. Glazing
oftheflapsand

puttywasueedto insureanairtightseslatthejunction ,
m.

A diagr~tic sketchofthewingis giveninfigure3. Theprincipal
dimensionsofthewingandflapsgiveninthisfigurearealsoincludedwith
otherpertinentinfcmmationinthefolluwingtalle:

Wingspan,feet. . . . . . . : . . . . . . . . . . . . . . . . . ...12
Wingerea,sgyerefeet. . . . . . . . . . . . . . . . . . . . . ...24
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . . ...6
Taperratio.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2:1
lknaer@namicchord,feet . . . . . . . . . . . . . . . . . . . .2.07

Rootsection:
Afrfoilsection~ . . . . . . . . . . . . . .lU@A66s&ies ~a=Oc6)
Designliftcoefficient. . . . . . . . . . . ... . . . . . . . . 0.1
Thicknes~hordratio. . . . . . . . . . . . . . . . . . , . . .o.16

Tipsection:
Airfoilsection. . . . . . . . . . . . . . . IWWA66series(a= 0.6)
Designliftcoefficient. . . . . . . . . . . . . . . . . . . . . 0.2
TMcbes~hordratio . . . . . . . . . . . . . . . . . . . . . .o.16

Sweepback(slongleadingedge),de ees. .. e....... . ...6.34
rDihedral(alongqu~teqard line,degrees . . . . . . . . . . . . . 0

Geometrictwist(washout),degrees. . . . . . . . . . . . . . ...1.55

FlapS-:
Psrtial-panflaps,percentwingspan . : . . . . . . . . . . . . .98
Full-pmflaps,p9rcentwingspan. . . . . . . . . . . . . . . . . 55

Flapchwd,percentwingchord. . . . . . . . . . . . . . . . . ...20
Flapangle(includedanglebetweenwing

hxrersurfacesmdf~p),degrees . . . . . . . . . . . . . . . . ..6o

In the’leftsemisp.anofthewing,35wingand7 flappressureorifices
weredistributedovereachofsixspanwisestations.(Seefige3.) The
* pessureti%eswerebroughtthrougha steeltubemountedrigidlyto
the~, andtheflappressuretubeswererunalongthebackoftheflaps
to a holeintheboomusedto conductpressuqetubesoutofthewing. (See’
figs.2 and3.) Allthetubeswereconductedthroughtheboomandthen
througha counterbalancedtailstruttomultitubemanomters1

Thewingwasmountedon shieldedstrutshavinga tuckness-chordratio
of0.15.Thethickness-chordratiooftheshields”was0.124.

A cathetometerwasusedto-detemuinechangesinangleof attackdueto
distortioninthesupportorscalesystembymeasuringvariationsinthe
heightofmsrksscribedbelowthewing,surfaceontheleft+zbgsupport
struts.

— .—. - —.. . . . . . . .,-
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TEST’s v

7

n

ForapprcmimateMch numbersof0.20,0.30,o.ko,ad 0.50,pressure
dataforbothflapconfigurationswereobtainedfora rangeofamgleof
attackfromapwazimately~“ UT throughthestall.“ForotherMach
nunibersfrom0.145to 0.585pressuredatawere03t*a overa rangeof
@e ofattacksufficientto definethestall.I?uwerlhd-tations
preventedobtain ~ normalforceabovea Machnumlerof 0.550for
thefull-spanflapconfigurationandalmvea &ch numberof 0.585forthe
partial-spanflapconfiguration.

Mostofthetestswererunhymaintaininga constantindicatedtunnel
Machnumberand%y varyingtheangleofattack.A fewtestswererunby
V=Y@ the-1 sPeed~ bY *ta* a c~tE@ -e ofattack
forthefull-spanflapconfigurationbecausethewingpitchingmechmdsm
lackedsufficientpowerto changeangleofattackabovea Machnunher
of0.50.
infigure
different
changeof

ThevariationoftestReynoldsrnuiberwithMachnumberisgiven
4. Ihasmchasthevariousinvestigationsweremadeduring
seasons,thecurvesinfigure4 donotwee becauseofthe
prevailingteqeratures.

. CORRECTIONS

IToattemptwasmadeto correctindividualpressurereadingsbecause
no adequatemethcdisavaildbleforcalculating~-tunnel=walleffecte
on individualpressurereadings.A21pressure-testresultswerebased
ona tunuel+mptycalibration.

ITeithercorrectionsdueto theeffectofthetunnelwallsonthe
sp~load distributionsnorblockagecorrectionshavebeenap@iedto the
data.An investigationofthe%lockagecorrectionsindicateda maximum
normal-fwce+coefficientcorrectionof2 percentanda maxhumMachnuniber
correctionof1 percent.

Theangleofattack~ beencorrectedforsupport+systemdeflection,
air-streammisslinement,andtunnel-walleffects.Resultsoftestsofthe
wingwithoutflaysgaveanair-streesalinementvalueofappruimately
0.2°upflow,whichwasusedforthepresentinvestigation.Theangleof
attackwascorrectedfortunnel+?zdleffectsby themethcdsofreference5
exceptthatthecorrectiondueto inducedcurvatureoftheflowwas
alteredto applyto awtngwithflaps.

RESULTSANDDISCUSSION

b orderto showtheeffectofflapsonthe
*, a ~ge tier ofthere~ts forthe*

characteristicsofthe
withoutflapsarepresented

.. —..- ----— -. —-—---- ---.—--— ——.- -———--—- -—-— —-- “---- ..—.
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or determined

,

.

fromthe-figuresofreference8.

Tbrmal-l?orceCharacteristics

Thegeneralncmmal-forceandstallingcharacteristicsofthethree
configurationsareshowninfigure5.

Ncmmal—forc~ e slopes.-uponexceedingthelmag range,which
OCCUrSatan~s ofattackofappro~tely ~“, ttisloyeOfthenO--
forcecurvesfw thewingwithoutflapsdecreases.ThiBphenomenonis
c@racteristicofa wingconsist- oftheseairfoilsectionsandis
discussOdtireference10. Thisdecreasetinormal—force—curve slope
doesnotoccurfw thewingwitheitheryertial–orW-span flapsexcept
foronetestcondition.Theexceptionoccursfm thewfngwithfull-span
flapsata I&chnumiberof 0.200.A carefulcheckofthepressuredistri-
butionsandofthetestconditionsdoesnotrevealanyreasonforthis
ap~ent discrepancy.

Variationofnormal–forcecoefficientwithMachmm ber.- Za drderto
obtaina lettercomparison.ofthevariationofncmml-forcecoefficientwith ,
Machnmiberforthethreewingconfigurations,datafr,umfigure5 areP*
sentedinfigure6 alongwithcalculatedcurvesbasedona modificationof
theGlauert-%Yandtltheory.(SeereferenceIl.) Thistheoryassumes.lW “ ●

inducedvelocitiesovera wingandis,therefore,notdirectlyapplicable
toa wingathighanglesofattackorto awingwithflays,butisused~s
a basisforthecomparisonofdata. H a tw~nsional normal-force-
curveslopeof 2X isassumed,thecalculatedincreaseofn--force
coefficientwithMachnumberis

%law thecriticalMachnuniberandforanglesofattackofless
than8° thetheoryisapplicableandgod sgreementisobtainedwithdata
fortheplainwing(fig.6(a)).Foranglesofattackabuve8°, the
experimentalcurvesrisemorerapidlywithan increaseinMachnumberthan
do thecalculatedcurves.7%0experhntalcurvesalsorisemorerapidly
throughthecompleteangle-of~ttackrangeforthewingwithflaps.

UponfirstexceedhgthecritichlMch nuniberthenormal-force
coefficientsfw thewingtithoutflapsshowa decreasethatisassociated
withthebuild=upoftrail~dge separationandthedecreaseoflowe~ 4
mace pressures.Thenatthehighanglesofattackasthelkchnum%eris
furtherincreasedthesecoefficientsincreaserapidlyowingtotheformation
ofextensivesupersonicregionsovertheforwardpertoftheuypersurface. .

(Seereference8.) Forthewingwithflapsno decreaseinthenormal-
forcecoefficientsfm mcderateandhighanglesofattackoccursupon
exceedingthecriticalMachnuniber.M cenbe seeninfigure7,w~ch’

——— —- —..
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showstheeffect,ofMachnu&er onpremure‘distributionsata typical
spanwiseetation,thepressuresoverthetrailingedgeandlowersurface
donotchangeenoughuponexceedingthecriticalMachnuriberto causea
decreaseinnormal-fwcecoefficients~ to thatobservedforthe
wingwithoutflaps. Withpartial-spanflapsa slightbuild-upoftrailin&
e~geseparationanda decreaseinlower-surface~essuresoccuronthe
outboardsectionsofthewingatmcderateendhighanglesofattackupon
exceedingthecriticalMachnumber;however,thisdoesnothaveach effect
onthewingnarmsl-forcecoefficientbecausetheoutloardsectionsofthe
wingcontributea smallerpsrtofthetotalwingnarmalforcethanthe
inboardsections.

At thehighanglesofattackthenarmsl-farcecoefficientsforthe
wingwithflapsincreaserapidlyat thehigherMachnmibersina manner
similmtothatnotedforthewingwithoutflaps.Illfigure7 it can
be seenthatforMachnnmbersabove0.k85largesupersonicregions
efienciingoverthefarwsrdpartoftheuppersurfaceoccurfcmthewing
withflaps. Thisfigureshowsthatas theMachmniberiEIticreased
fromO.k8~to 0.535,a well-establishedshockbecomesevidentalongwith
a largeincreaseintheareaofthepressuredistribution%As theMach
numberisfurtherincreasedto 0.550,theshockshiftstdwardthe
trailingedgeandtheerbentofthesupersonicregionalongthechcmd
changesfromappradmately25to 33percentofthechord.Thus,it is
appsrentthattheticreasesh thenorml-forcecoefficientsathigh
Mch numbersandhighanglesofattackaredueto theformationoflarge
supersonicregionswhichcauselargeareaincreasesinthepressure
distributions.

Jkximumnormal-fwcecoefficient.–TheeffectofMachnumleron
maximumnormal-forcecoefficientforallthreewingconfigurationsand
onmsximumliftcoefficientforthewingwithoutflapsisshownh
figure8. Thevalueofmaximumliftcoefficientforthewingtithout .
flapsincreaseswithl&chtier up toa lo’wspeedpeakvalueata Mach
nuniberofapmoximately0.25.~ valuesofthemsximmnormal-force
coefficientsforthewingwithpartial-andfull-spanflapsincrease
withWch numberup tolow-speedpeakvaluesat aldachmmiberofapproxi–
matel.y0.20. Theseincreasesinmeximumliftcoefficientandmaximum
narmal-forcecoefficientareessentiallya Reynoldsnumbereffect.
lhcreasingtheReynoldstier mavesthetransitionpointforwsrdalong
thechordwhichgivestheflowmcmeresistanceto separation.Withan
increaseinReynoldstier, therefore,highersinglesofattackand
liftandnorml-forcecoefficientscanbe reachedbeforestallingoccurs
(reference12). Forthewingwithoutflapsthemaxhmmnormal-force
coefficientforWch numbersbelow0.30isnottnicalofwingshaving
NACA66-seriesairfoilsectionsas indicatedinreference8. Itisalso
believedthatthemsximnmvalueoccurringata Machnumberof 0.145for
thewingwithfuU-spanflapsshouldhavebeenhigher.Actually,the
normal-forcecurves(fig.5)fortheseconditionsshouldreachhigher
peakvaluesandshouldshowa stallsimilartothecurvpfora Mach
rauiberof 0.200infigure5(3).A wingconsistingoftheseairfoil
sectionshasa se~itivereactiontoflowchangescausedby variations
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in eurfaceconditionsandalthoughan effortwasmadetokeepthewing
cleanat allthes, theresultsatlowMachnumberswereprobably

●

affectedby surfaceconditions.AlEo,h thecaseofthewingalone,
a differenceinReynoldstier betweenforcetestsendpressuretests
probablycaumdpartofthedifferencebetweenthemexhmmnormal-force
curveandthe~ liftcurveatthelowerMachnumbers.At higher
Nkchnunibersjhowever,thenorml-forcecurveandliftcurveforthe
wingwithoutflapsshowmzchbetter~eement.

Afterthelow=speedpeeXvaluesofmaximnmnormal-forcecoefficient
me reachedforthethreewingconfigurations,thefavorableeffectof
Reynoldenumberis counteractedby largeadversepressuregradients,
backofthepeakpressures,thattendto induceseparation.Further
increaseinMachnuniberleadstothebuild-poftheseadversepressure
gradients(reference13)whichf- induceseparationfromthe
leadingedge.

Le~dge separationcausesa rapidlossofliftcoefficient
forthewingwithoutflapeuntila Mach@er ofapproximately0.32
isreached.Althoughthepressurepeaksbecomemorereducedabovethis
Machnmiber,theyalsobroadendueto theeffectofMachnumler.This
changeinthepeaketendstopartlycounteractthelossinliftcoef-

. ficient,andtheliftcoefficientdecreasesata slowerrateuntila
minimumisreachedata &oh nmiberof0.50.Thelexgeincreaaein
liftcoefficientabovethisMachnumberis“duetotheformationof
extensivesupersonicregionsovertheforwardpertoftheuppersurface
siniilertothoseshowninfigure7. AmOre completediscussionof
mm3munliftcoefficientforthewingwithoutflapsispresentedin
reference8. . .

AE thepressuresaregenerallyhigher.merthewingwithflaps,
theeffecrtsofMachnumberonthemaximumnormel-forcecoefficients
arelargerandbecomeapparentat lowers~eedsforthewingwithflaps
thanforthewingwithoutflaps.Thus,sincelergeadversepressure
gradientsthatinduceseparatimfromtheleadingedgeoccuratlower
Machnunibersfw thewingwithflaps,thel~peed peakvaluesforthese
configurationarereachedatlowerMachnmibers.”TMs separationalso
causesa largerlossanda morerapiddecreaseofnormal-facecoefficient
forthewingwithflapsthanofliftcoefficientforthewingwithout
flaps. Theeffecteofseparationsrelargestforthew~with ful.l-
Spenflaps.

Afterthisrapiddecreasethenormal-fmcecoefficientdoesnot
changewithan increaseinMachnurberforthewingwithpartial-pan
flaps.Forthewingwithfull-spanflapsthenormal-forcecoefficient
sluwlyincreases.Theseconditionsprevailbecausethepressurepeaks
changeina mannersimilerto thoseobservedforthewingwithoutflaps
ata sufficientlyfad rateto counteractortomorethancounteract
thelosstinormal-forcecoefficient.

— ..- .-. ..— ..— —— ...— —— —.-,,
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Abovesn ap~arfitel&chnumberof 0.50.thenormal-forcecoef-
ficientfortheflapconfigurate-risesrapidlyforthessmereason
as olmervedfortheliftcoefficientforthewingwithoutflaps,namely
theformationoflargeareasof supersonicfluw. ~

Themsximnm-liftcharacteristicsoftheNICA23&serieswing
discussedinrefmence5 differapprecia’blyfromthoseoftheNACA66-
serieswing. ThemsximmmliftcurvefortheNACA23C&erie,swihgreaches
a l~peed peakvalueat a Wch nmiberofapproximately0.30,after
whichitdecreasessteadilywithfurtherincreaseinl&chnuniber.This
decreaBeathigherMachnumlersisin sharpcontrastto thesecondary
riseexhibitedby themaximumliftcurveoftheNACA6&serieswing.
S@ce thisdifferenceinmaximm-liftcharacteristicsisobviouslyof
importancebothstructurallyandaerodynamically,ananalysiswas-e
tireference8 ofpressuredistributionsforhighl%ichnuriberandhigh
apgle-ofattackconditionsin ader todeteminethereasonforthe
difference.

ThisanalysisshowedthatfortheNACA6&eries wingthepressures
overtheforwardpartoftheuppersurfacevariedina mannersimilarto
thoseshowninfigure7. However,fortheNACA230-serieswhg thepeak
pressuresmoveddowmtreamwithincreasingWch numiberandcauseda
decreaseinliftattheleatlmgedge.As thischangeinthepeakpressures
wastheonlysignificantdifferenceh thepressuredistributions,itwas
conjecturedthatthemaindifferencein~lift characteristicsat
thehigherMachtiers isessentiallya lead~dge effectandthatair-
foilshavingsharpleadingedges,suchas theNACA66-series,exhibitthe
rise;whereasairfoilshavhg bluntlesdingedges,suchastheNACA
230series,donotexhibittherise.

TheresultsofthepresenttestsoftheNACA66-serieswingwith
flapsindicatethessmetypeofvariationofmsximumliftcoefficient
withMachnuniberaswasobtained.withoutflaps.Thus,it isfurther
substantiatedthatthephenomenonisessentiaHya leading-edgeeffect
as cauiber,caliberlocation,and.%ail~dge. a@Le appearto havelittle
orno effectonthetypeofvariationofmaximumnormal-forcecoefficient
withMch number.

Typicalsectionstallingcharacteristics.-An examinationofthe
llcarpet”plotsoffigure5 showsthatthetypesof stallingcanbe
dividedintothreerepresentativegroups:low-speedstall (M= 0.200),
mcderat~peedsta31 (M= 0.390),endhigh-speedst~ (M= 0.535).
Inorderto givea clearerunderstandingofthesethreet~es ofstalling,
pressuredistributionsthatshowtypical’sectiondxiUingcharacteristics
forthefull-spanflapconfigurationarepresentedinfigures9 to 11.
Asthetypicalsectionstallingcharacteristicsareshdlarforallthree
configurations,a
withoutflapsand

dimmssionoffigures9 to 11 alsoappliesto thewing
tothewingwithpartial~panflaps.

—. . . .— - -— . . . .— __.__—_ ..—.— . . ..—, ~.— .----- ... ..
.,
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ThOl~peed sectionstallis characterizedby laminarseparation
oftheflowfromtheleadingedge(seereference12)withemabruptstall

*

anda rapidflowbreakdown.tifigure9 thepressure~eakscembe observed
to increaserapidlywithincreasesinangleofattackuntillargeadverse
pressure~adientsfinallyinduceseparationthatcausesa shaTpflow
bredalownattheleadingedge. It canalsobe seenthatlittlechangein
tra~dge separationoccursbeforethestall.

Themoderat~peedsectionstallwasverydifferentfromthat.observed
atluwspeed.Figure10 showsthatthemoderat~peedsectionstall0CCW6
slowlywithincreasingangleofattackandisduetotrail-ge sepa-
rationgraduallymomlngforward.

Thehig&speedsectionstallisalsodueto seperationmombgforward
flromthetrailhgedge.Figme 11 shows,however,thatthehig&speed
sectionstalloccursmarerapidlywithincreasingangleofattackthan
doesthemoderat~peedsectionstdll.

A comparisonbetweenthel~peed experimentalandcalculatedspaI+
loaddistributionspresentedinfigureI-2indicatesfatiagreement.The
calculatedspan-loaddistributionswhichweredete~ by themethod
ofreference14 arebasedonfiveharmonics.Forthewingwithpartial-
spanflapsbetter~eement canbe obtainedifthecalculateds-load
dlstrihutionsexebasedona greaternumberofharmonics.(Seerefer-
ence15.) Tnfigure12(b),a comparisonmadeata normal-forcecoef-
ficientof0.90forthewingwithoutflapsshowegoodagreementbetween
thelow-speedexperimentalemdcalculateds~load distributions.A
comparisonbetweenluw-speedandhig&speedexperimentalspan-load
distributions’~esentedtifigure13 indicatesthatthereisa slight
inloardshifttithe centerofnormalforceathighspeeds.

As canbe seeninfigure14,theeffectofMachnumberonthe
inboardehift& thelateralcenterofnormalforceisveryslight.A
comparisonoflow-speedexperimentalandcalculatedlateralcentersof
normalforceshowsexcellentagreement.Forthewinguithfull-span
flapsthereispracticallynovsriationoflateralcenterofnormal
forcewithnorml-forcecoefficient..Forthewingwithpartial-pan
flapsthelateralcenterofnormalforceshiftsoutboardwithan increase
innormal-forcecoefficient.Thereasonforthisbecomesapparentupon
en examinationofthespan-leaddistributionspresentedinfigures12(a)
end13(a).ItmeyalEobe notedthatthelateralcentersofnormalforce
fez-thewingwithoutflapsshowgociiagreementwiththoseobtainedfor
thewingwithfull-spanflaps.

~—.- — - ——-— — - .—.——. . ,-
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Thepitchin&mmentcoefficients~emmted infigure15 showthat
thereisa muchlargereffectofMch numberatlowanglesofattack
forthewingwithflapsthanfor.thewingwithoutflaps.Thiseffect
islargerbecausethecenterofpressureisfartherbackonthechord
andtheeffectofWch nuniberonthenormal-forcecoefficientislarger
forthewingwithflapsas indicatedinfigure6.

Figure15alEoshuwsthatabovean angleofattackof5°forthe
wingwithoutflapsthepitc~ nt coefficientfora Machnuriber
of0.6undergoesa largechangelecausethecenterofpressuremoves
forwardwiththeformationoflocalsupersonicflowregionsoverthe
forw~d~t ofthewing. A stiar changeinpitc~nt coef–
ficientassociatedwiththemamaphenomenoncanbe seenforthewing
withflapsatthehighestl&chnumbers.

ForMachnumbersof0.20and0.40thepitcqment coefficients
forthewingwithoutflapsshowchangesuponexceedingthelow-drag
rangethatareassociatedwiththesamephenomenonwhichcausesnormal—
forc=oefficientchanges.

Thestabilityatthestallencounteredatvariousspeedsforthe
threeconfigurationsis clearlyshowninfigure15. Fcmthewingwith
full-spanflapsatthehighestMachnmibera mme completedef~tion
ofthecurvewaspreventedby structuralMmitationaofthemodel
suppmtsystem.

FlapNcmml.-ForceandIting#&mentCoefficients

A studyoffigureI-6indicatesthattheflapnormal-forcecoef-
ficientandflaphinge+nomentcoefficientshowno largeohqgesh the
rangeofMachnumbersendwingnmmal-fwcecoefficientscovered.b
general,-theshapesoftheflapnormal-forcesmd~ament curvee
areverysinilarfora givenconfigurationandl&chnuder. This
similarityresultsfromthefactthatthepositionofthecenterof
pressureontheflapisalmostthesameforallconditions,andthus
thehingemomentisnearlya directfunctionofthenormalforce.

Figure16alsoshowsthatthereisan increaseinbothflapnormal-
forcecoefficientandhinge+nomentcoefficientwithMachnmiber.This
increasewithMch numberislessthan20percentthroughtherange
tested.Themaximumvariationofeitherflapnormal-forceorhinge
momentcoefficientwithwingnormal-facecoefficientissmaller,and
islessthan10percentinmostcases.

. . . . --. —______ —-—--. .—-. ..— —.- ---- —— . ...-
J..
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CONCLUSIONS

Resultsofa higl+speedwind-tunnel=estigationofa taperedwing
ofNACA6&series=oil sectionswithbothpartial–andfull.~pansplit
flapsdeflected600indicated:

1. Themaximumnormsl-fcmcecurvesforthewingwithflapswere .
somewhatsimilarinshapetothemaximmliftcurveforthewingwithout
flaps,although&oh nmibereffectsbecameappsrentatlowerspeedsand
were@rg= forthewingwithflaps.

2.Forthewingwithpartisl~pansplitflapsthemsa%mnnnormal-
forcecoefficientticreas~froma Mue of1.@ at a ~ch n~er
of0.145to a low=speedpeakvalueof1.73at a Machnumhr of0.200;
thendecreasedto a valueof,l.53ata Machtier of0.295;andthen
remained“constantto a Machntier of0.4-85af%erwhichit increased
rapidlytoa valueof1.79at a Machnuuiberof 0.585(limitofmaximm
normal-farcetests).

...
3.Forthewingwithfull-spansplitflapsthe~ narmal-force

coefficientincreasedfroma valueof1.92at a Wch numberof0.145to
a low-speedpe~ valueof2.@ at a mch -er of0.2~;thendecreased
rapidlyto a valueof1.87at a Machnuniberof0.300;andthenincreased
slowlyto a valueof1.92ata kch numberof 0.4-85afterwhichitrose
rapidlytoa vslueof2.22at a Machnumberof0.550(limitofmaximum
normal-forcetests).

4. Thereisfurtherevidencethattherapidriseinmax- lift
coefficientathigherMachnumbersisduetothesharpleadingedgeof
thewingas camber,cmiberlocation,andtrailin&edgeangleappeared
tohavelittleorno effectontherise.

5. Machnumiberhadonlyaslighteffectontheshiftoflateral
centerofnormalforcefcmanglesofattackbelowthestall.

6. FortheMachnumberrangeoftheteststhemsximmvariation
ofeitherflapnormal-forcecmhing~ment coefficientwithI@chnuniber
andwingnormal-farcecoefficientwerelessthan20percentand
10percent,respectively.

IangleylleronauticalLaboratory
MationslAdvis~ CommitteeforAeronautict3

~ey Field,Va.,SepteniberII,1948
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,

: TABIEI

AIRFOIL CIKDINAXES(33’NACA6&3ERE3 WING

[fiationsandordinatesaregiveninpercentofairfoilchord]

Rootsection Tipsection

Uppersurface Iawer8urface Uppergurface Lowersurface

StaticmOrdinateStatimOrdinateStationOr&hateStationOrdinate

o 0 0 0 0 0 0 0
.43 l.zl :;; -1.15 .37 1.24, .63 -1o11
.68 1.46 -1.37 .61 1.50 .89‘ -1.32

1.17 1.82 1.33 -1.68 l.ql 1:89 1.41 -1.61
2.41 2.50 2.59 +.25 2.32. 2.61 2.68
4.90

4.13
3.50 5.10 -3.08 4.79 3.70 5.21 -2.87

7*39 4.28 7.61 -3.73 7.28 4.56 7.72 -3.44
9.89 :.g 10.SL -k.28 9.78 5.31 10.22 -3●93
14.89 15.SL -5.15 14.79 6.50 15.21 -4.70
19.90 6:89 20.10 -5.83 19.81 7.43 20.19 +.29
24.92 7*55 25.08 -6.34 24.83 8.16 25.17 -5.74
s .93 8.05 30.07 -6.74 29.86 8.72 30.14 -6.08
34.95 8.41 35.05 –7.02 34.90 35.10 -6.32
39.97 8.63 40.03 -7.18 39.94 ;:2 40.06 4.46
44.99 8.73 45.01 -7.26 U.98 9.47 45.03 -6.52
50.01 8.69 49.99 -7.22 50.03 9.43 :.;; ~.$1
55.04 8.50 5k.96 -7.06 55.08 9.23
60.07 8.u 59●93 4.74 60.14 8.80 59:86 -6:05
65.10 7.46 64.90 -6.20 65.19 8.08 64.81 -5.58
70.10 6.52 69.90 +.42 70.20 7.07 6& 4.86
75*W 5.43 74.91 4.50 75.18 5.89 4.03
80.08 4.23 79●93 -3.49 80.15 4.59 79:85 –3.l.l
85.05 84.95 4.44 85.u 3.26 84.8 -2.17
90.03 ;:~6 89.97 –1.41 90.06 1.94 89.94 -1.24
95.01 .68 94.99 -.52 95.02 .76 94.98 -.43
100 0 100 0 100 0 100 0

~~age -US = 1.475C Ii3ad-dge radius= 1.475c
SlopeofradiusthroughleaMng Slopeofradiusthroughleaihlmg

edge= 0.058 edge= 0o117

.

.
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(a)Wingwith partd.al-spm fhps.

Figure 1.- Front view of teat ting in.stalled in kngley 16-foot high-aped tunnel.
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(b) Wtig with fuu-spm flqp .

Figrm 1.- Ooncltied.
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Figure 2.- Rear view of test wing with full-span flaps.
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8X 106

W/rigwLthoat f/aps- fonke TesX5--
7 (reference8)

/

6 Wingwtihf/ops-
prewf- +@.Q*c-. /

o-. I I I I
-’= 5

3

I I I I I I
-wing without i’ixups -
pressure tests

//v meiference81i

00 .1
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Mach number,MO

Figure Q.— Variation of average test Reynoldsnumber

with Mach number.
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.

,.. .
Angleof attack,m, deg

o .1 2 .3 4 .5 .6 (a=o”)
Mach number,MO .

(

(a).Wingwithoutflaps(reference8).

Figure5 .—Wingnormal-force coefficientas a function of angleof attack and Mach
number.
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,

Angleof attack,a; deg

o , .1 2 .3 .4 5 .6 (a=0°)
Mach number,MO

(b)Wing with partial-qm flaps.

Figure 5 .—Continued.
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(c)Wing with full-spanflaps.
Figure5 .—Concluded.

,
.

_.._ _ —.——. .. . . .— .—-— ——— — —-—- —.-. —._-_— .——--.-———-——



30 NACA~ RO.1759

4

.
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Mach number, M-O -

(a)Wing without flaps(reference8).

Figure6.- Comparisonof experimentaland calculated
variationof normal-forcecoefficientwithMach
numberfor severalanglesof attack.
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(b)Wingwith partial-span flaps.

Figure 6. – Continued.

*

. . .-- .,- -—,---- .—. -—— . ..-- ——- —. —--— ——- ..—. ____ ----- ...___ .-.



32 NACA~ No.1759 ,

.

I I I I
E@9%kwzw

—––CDICU127Z13LY
+ /kfcr

2 /

,.0
>Gj

/ // .’/
/

t
/

/ “H /
+ / =f

1 I I I I I I 1 I I
I

I I I

.60 .1
l“q&yq

2 .3 .4 .5 .6
M“fih n,,mhnr MA~luw I IIUIIIUGI , two

(c)Wing with full-span flaps.

Figure6.- Concluded.
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Figure7.—Effectof Machnumberonpressuredistributionat
station3 of thewingwithfull-spanflapsfor anangle

\ of attackof approximately9°.
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-8.8, I

I.L o 1020304050 Y~6070 8090 100
Percent chord

Figureg.- Varidionof pressuredistributionsat station3 withangleof attack
for wingwithfull-spanflapsat a Machnumberof 0.200.
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Figure10.— Variationof pressuredistributionsat station3 ‘
withangleof attackforthewingwithfull-spanflaps
at a Machnumberof 0.390- !
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FigureII .—Variationof pressuredistributionsat station3
with angleof attackfor wingwith full-spanflaps
at o Mach numberof 0.535.
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Figure12.– Comparisonof experimentaland calculated
spanload distributionfor representativenormal-
force coefficientsat a Machnumberof 0.200.
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normal - force coefficient .
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Figure 15.- Effect of Mach number on variation of pitchtng-moment coefficient with angle of attack.
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Figure 16. - Effect of Mach number on variation of flap normal-force coefficient and flop
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